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(57) ABSTRACT

A parallel robot includes a plurality of actuators, a wrist
portion, and a plurality of arms that respectively connect the
wrist portion to the plurality of actuators. The wrist portion
includes a base portion that includes a plurality of connection
portions respectively connected to the plurality of arms and a
rotation member that rotates about a rotation axis located
outside an area surrounded by the plurality of connection
portions. The rotation member is provided with a through-
hole that is formed along the rotation axis.
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1
PARALLEL ROBOT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-043168,
filed Mar. 5, 2013, the entire contents of which are incorpo-
rated herein by reference.

BACKGROUND

1. Field

The present disclosure relates to a parallel robot.

2. Related Art

WO 2009/130115 discloses a parallel link robot (delta
robot) that includes a gripping element as the end effector.

SUMMARY OF THE INVENTION

According to the present disclosure, there is provided a
parallel robot including: a plurality of actuators; a wrist por-
tion; a plurality of arms that respectively connect the wrist
portion to the plurality of actuators, wherein the wrist portion
includes a base portion that includes a plurality of connection
portions respectively connected to the plurality of arms, and a
rotation member that rotates about a rotation axis located
outside an area surrounded by the plurality of connection
portions, and wherein the rotation member is provided with a
through-hole formed along the rotation axis.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic configuration diagram illustrating an
example of a picking device that includes a parallel robot
according to an embodiment.

FIG. 2 is an enlarged side view of the parallel robot of FIG.
1.

FIG. 3 is a bottom view of a robot body of FIG. 2.

FIG. 4 is a top view of a wrist portion of FIG. 2.

FIG. 5 is a cross-sectional view taken along the line V-V of
FIG. 4.

FIG. 6 is a side view illustrating a wrist portion without a
through-hole and a vacuum hose connected thereto.

DETAILED DESCRIPTION

Hereinafter, an embodiment will be described with refer-
ence to the drawings. In the description, the same reference
numerals will be given to the same components or the com-
ponents having the same functions, and the description
thereof will not be repeated. Here, a picking device equipped
with parallel robots (delta robots, parallel link robots) will be
exemplified.

A picking device 100 illustrated in FIG. 1 is a device that
performs a picking and placing operation in which work-
pieces W conveyed by a conveyor 2 are picked up by parallel
robots 50 and are disposed at different places. The picking
device 100 includes a ceiling plate 3 that is disposed above the
conveyor 2, two controllers 5 that are fixed to the upper side
of the ceiling plate 3, two parallel robots 50 that are fixed to
the lower side of the ceiling plate 3, and a transparent side
wall 6 that surrounds the movable area of the parallel robots
50. Furthermore, the number of the parallel robots 50 is not
limited to two, and may be one or three or more.

The parallel robots 50 are suspended on the ceiling plate 3.
The motion of each parallel robot 50 is controlled by each
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controller 5. The controller 5 is connected to the parallel robot
50 through a cable 5a. The ceiling plate 3 may be supported
horizontally by plural support pillars (not illustrated) or may
be suspended horizontally from a ceiling ofa factory. Further,
the ceiling of the factory may serve as the ceiling plate 3.

Referring to FIGS. 2 to 4, the parallel robot 50 according to
the embodiment will be described. As illustrated in FIGS. 2
and 3, the parallel robot 50 includes a robot body 10 that has
three actuators 12 built therein, one wrist portion 30, three
arms 20 that respectively connect the wrist portion 30 to the
three actuators 12, and an end effector 40 that is attached to
the wrist portion 30. Hereinafter, the respective configura-
tions will be described.

The robot body 10 includes three actuators 12 and a hous-
ing 15 that accommodates the actuators. Each actuator 12 is a
drive source for the arm 20, and includes, for example, a
motor, a speed reducer, and a sensor. The housing 15 includes
an attachment portion 15a and three bulged portions 155. The
attachment portion 15a is substantially formed in a circular
shape, and is attached to the lower surface of the ceiling plate
3. Three bulged portions 155 are bulged downward from the
attachment portion 15a so as to respectively accommodate
the actuators 12. Furthermore, three bulged portions 156 are
provided so as to surround the center axis CL.1 of the attach-
ment portion 15a.

Each arm 20 includes a base link 22 that corresponds to an
upper arm and a connection link 26 that corresponds to a
lower arm. The base link 22 extends outward between two
adjacent bulged portions 156. The connection link 26 con-
nects a tip end 22a of the base link 22 to the wrist portion 30,
and includes two bar-shaped members 27. As the material of
the base link 22 and the connection link 26, for example, a
light material such as carbon fiber reinforced plastics (CFRP)
may be employed.

A base end 225 of the base link 22 is connected to the
actuator 12. The base link 22 rotates by the operation of the
actuator 12. By this rotation, the tip end 22a moves upward
and downward. In the description below, the “base link 22
rotates upward” indicates that the base link 22 rotates so that
the tip end 224 moves upward, and the “base link 22 rotates
downward” indicates that the base link 22 rotates so that the
tip end 22a move downward. Furthermore, the tip end 22a
includes a pair of spherical convex portions 23. The pair of
spherical convex portions 23 is disposed along a line parallel
to the rotation axis of the base link 22, and each spherical
convex portion protrudes outward. The pair of spherical con-
vex portions constitutes a ball joint with respect to the con-
nection link 26.

The two bar-shaped members 27 that constitute the con-
nection link 26 extend in parallel, and each upper end 275 is
provided with a cup 27a. The cup 27a constitutes a ball joint
with respect to the spherical convex portion 23. The two
bar-shaped members 27 are disposed so that the respective
cups 27a cover the spherical convex portions 23 from the
outside, and the upper ends 275 are connected to each other
through an elastic member 28 such as a coil spring.

Each of the lower ends 274 of the two bar-shaped members
27 is provided with a cup 27¢, and the cup 27¢ constitutes a
ball joint with respect to the connection portion 32 of the wrist
portion 30. The connection portion 32 includes a pair of
spherical convex portions 32a. The cups 27¢ of the two bar-
shaped members 27 cover the spherical convex portions 32a
from the outside, and the lower ends 27d of the two bar-
shaped members 27 are connected to each other through an
elastic member 29 such as a coil spring. By the ball joint, the
connection link 26 is three-dimensionally rotatable with
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respect to the base link 22, and the wrist portion 30 is three-
dimensionally rotatable with respect to the connection link
26.

The wrist portion 30 is supported by three arms 20 respec-
tively connected to the actuators 12 at the base ends 225. The
actuator 12 rotates the base link 22 upward or downward in
response to the command from the controller 5, so that the
wrist portion 30 moves. Specifically, the wrist portion 30
moves upward when the three base links 22 rotate upward at
the same time, and the wrist portion 30 moves downward
when the three base links 22 rotate downward at the same
time. When some of the base links 22 rotate upward and the
other base links 22 rotate downward, the wrist portion 30
moves toward the base link 22 that rotates upward.

Referring to FIGS. 4 and 5, the configuration of the wrist
portion 30 will be described in detail. The wrist portion 30
includes a base portion 33 and a projection portion 35. The
base portion 33 and the projection portion 35 are covered by
a housing 31. The base portion 33 includes plural connection
portions 32 that are respectively connected to the arms 20.
The projection portion 35 is provided below the base portion
33 and at a position offset sideward from the position of the
base portion 33. The end effector 40 is rotatably attached to
the projection portion 35.

The base portion 33 includes a circular ceiling plate 33a, a
cylindrical side wall 335, a partition plate 33¢ that is parallel
to the ceiling plate 334, and an actuator 34 that is accommo-
dated in the base portion. The base portion 33 is surrounded
by the connection portions 32 with respect to the arms 20.
That is, the connection portions 32 with respect to the arms 20
are provided in the outer periphery of the side wall 3354, and
three connection portions 32 in total are disposed so as to
surround the base portion 33. Furthermore, the tip end of the
connection portion 32 includes the pair of the spherical con-
vex portions 32a, and these convex portions 32a protrude
toward both sides of the side wall 335 in the circumferential
direction.

The actuator 34 is fixed onto the partition plate 33c¢, and is
connected to the controller 5 through a cable 34a. The actua-
tor 34 includes, for example, a motor, a speed reducer, and a
sensor, and includes an output shatt 345. The output shaft 345
points downward along the center axis CL2 of the side wall
335, and is inserted through the partition plate 33¢. The tip
end of the output shaft 345 is located inside the projection
portion 35, and a pinion pulley 34c is provided at the tip end.
The cable 34a is wired along the arm 20 (see FIG. 2).

The projection portion 35 is formed in a circular shape in
the top view, and the center axis CL3 is parallel to the center
axis CL2 of the side wall 335 of the base portion 33. That is,
the center axis CL3 is located outside an area Al surrounded
by three connection portions 32 in the base portion 33 and is
perpendicular to the plane including the area Al. Further, the
center axis CL3 is located outside the side wall 335 and is
located between two adjacent connection portions 32. The
distance between the center axis CL3 and the center axis CL2
is defined in consideration of the shape of the area A1 or the
size of a vacuum hose 48.

The projection portion 35 includes a rotation member 36.
As illustrated in FIG. 5, the end effector 40 is fixed to the
lower surface of the rotation member 36. The rotation mem-
ber 36 is rotated about the center axis CL3 by the actuator 34
as a drive source. That is, the rotation member 36 rotates
about the rotation axis CL3 that is located outside the area A1l
surrounded by the plural connection portions 32. The projec-
tion portion 35 includes an upper opening 35a and a lower
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opening 3556. The upper opening 354 and the lower opening
35b are formed at a position where the rotation member 36 is
accommodated.

The rotation member 36 is formed in a cylindrical shape,
and one end thereof is provided with a flange-shaped pulley
36a. A through-hole 36¢ is formed at the center of the rotation
member 36 so as to extend in the axial direction. A through-
hole 37 is formed by the through-hole 36¢, the upper opening
35a, and the lower opening 355. That is, the upper opening
35a and the lower opening 356 respectively expose both ends
of the through-hole 36¢ to the outside of the projection por-
tion 35. The projection portion 35 includes two openings 35«
and 355 that expose both ends of the through-hole 36¢. The
through-hole 37 is provided along the center axis CL.3, and
penetrates the projection portion 35 including the rotation
member 36 in the vertical (up-down) direction. The through-
hole 37 is provided to allow the vacuum hose 48 for driving
the end effector to pass therethrough (see FIG. 5). When the
end effector 40 is fixed to the rotation member 36, the end
effector 40 becomes rotatable about the center axis CL3 as the
rotation axis.

The rotation member 36 is accommodated inside the pro-
jection portion 35 with a bearing 35¢ so that the pulley 36a is
located at the upside, and the lower end 364 of the rotation
member 36 is inserted through the lower opening 355. A
timing belt 34d is attached between the pulley 36a and the
pinion pulley 34c, so that power is transmitted from the output
shaft 345 of the actuator 34 to the rotation member 36. That is,
the projection portion 35 includes a transmission M1 that
transmits power from the actuator 34 to the rotation member
36. The actuator 34 rotates the rotation member 36 in
response to the command from the controller 5. Since both the
actuator 34 and the rotation member 36 are disposed in the
wrist portion 30, the transmission M1 is simplified. Further-
more, a mechanism using a gear or the like may be employed
as the transmission M1 instead of the timing belt 344.

The end effector 40 is fixed to the wrist portion 30 through
the rotation member 36. The end effector 40 moves with the
wrist portion 30 and rotates with the rotation member 36. The
end effector 40 is of a type with an astrictive function, and
includes a pillar-shaped portion 41 that is fixed to the rotation
member 36, two astrictive portions 42, and a flange portion 45
to which the astrictive portions 42 are fixed. The pillar-shaped
portion 41 is attached to the lower end surface 364 of the
rotation member 36 by a bolt (not illustrated) or the like. The
flange portion 45 is provided at the outer periphery of the
pillar-shaped portion 41, and two astrictive portions 42 are
disposed with the pillar-shaped portion 41 interposed ther-
ebetween. Furthermore, the number of the astrictive portions
42 may be one or three or more.

The astrictive portion 42 includes an astrictive port 42a that
is opened downward. The astrictive portion 42 is connected to
a vacuum pump (not illustrated) disposed at a position close
to the robot body 10 through the vacuum hose 48. A valve (not
illustrated) is provided in the middle of the vacuum hose 48,
and the opening and closing states of the valve are controlled
by the controller 5. In response to the command from the
controller 5, the valve selects an on state where the astrictive
portion 42 communicates with the vacuum pump or an off
state where the astrictive portion 42 does not communicate
with the vacuum pump. In the on state, the astrictive port 42a
attracts the workpiece W by the suction force generated from
the vacuum pump. In the off state, the astrictive port 42a loses
the suction force, so that the workpiece W is released. The
picking device 100 repeats an operation in which the valve is
switched on to attract the workpiece W by the end effector 40,
the end effector 40 is conveyed to a target position in this state,
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and the valve is switched off to release the workpiece W.
Accordingly, this performs operations such as arranging the
workpieces W and putting the workpieces W into boxes.

The vacuum hose 48 is wired along an arm 20A connected
to a connection portion 32A adjacent to the through-hole 37,
passes through the through-hole 37 and is connected to the
astrictive portion 42. In this embodiment, one vacuum hose
48 is connected to each astrictive portion 42, and two vacuum
hoses 48 are used in total. The two vacuum hoses 48 may be
wired together along one arm 20A, but may be wired sepa-
rately along different arms 20A. In this case, each vacuum
hose 48 may be wired along each of two arms 20A that are
respectively connected to two connection portion 32 adjacent
to the through-hole 37 among the three arms 20. For example,
in the above-described configuration in which the rotation
axis CL3 is located between two adjacent connection portions
32, the vacuum hoses 48 may be provided separately in two
arms 20A respectively connected to the two adjacent connec-
tion portions 32.

As the vacuum hose 48, a vacuum hose having an outer
diameter of about 5 to 50 mm may be exemplified. Further-
more, the opening diameter of the through-hole 37 is set so
that a sufficient gap may be formed even when plural vacuum
hoses 48 are wired.

In this embodiment, the vacuum hose 48 passes along a
route R1 that reaches the through-hole 37 along the arm 20A
and a route R2 that reaches the end effector 40 through the
through-hole 37. Since the through-hole 37 is located in the
vicinity of the connection portion 32 with respect to the arm
20A, the length of the route R1 scarcely changes even when
the end effector 40 moves and rotates. The length of the route
R2 does not change even when the end effector 40 moves.
Since the distance from the rotation axis CL3 to the astrictive
portion 42 does not change even when the end effector 40
rotates, a change in the length ofthe route R2 with the rotation
of'the end effector 40 is small. That is, the length of the route
R2 scarcely changes even when the end effector 40 rotates.

Inthis way, the lengths of the routes R1 and R2 along which
the vacuum hoses 48 pass change little even when the end
effector 40 moves and rotates. On the contrary, when the wrist
portion without the through-hole 37 is used, the vacuum
hoses 48 may not follow the routes of which the lengths
change little like the routes R1 and R2.

FIG. 6 is a diagram illustrating the wrist portion 30B that
does not have the through-hole 37 and of which the rotation
axis CL3 matches the center axis CL2 and two vacuum hoses
48. As illustrated in FIG. 6, the vacuum hose 48 is largely
loosened from the tip end 22a of the arm 20 to the astrictive
portion 42. This is because the length of the route R3 from the
tip end 22a of the arm 20 to the astrictive portion 42 largely
changes in accordance with the movement and the rotation of
the end effector 40. When the vacuum hose 48 is not suffi-
ciently loosened, the vacuum hose 48 is excessively stretched
when the end effector 40 moves and rotates. Meanwhile,
when the vacuum hose 48 is excessively loosened, there is a
concern that the vacuum hose 48 may contact the peripheral
object thereof and the motion of the end effector 40 may
become instable. Accordingly, there is a need to carefully
wire the vacuum hose 48 when the end effector 40 is attached
s0 as to prevent such problems.

On the contrary, according to this embodiment, as
described above, the change amounts of the routes R1 and R2
are sufficiently small even when the end effector 40 moves
and rotates. Accordingly, since there is no need to largely
loosen the vacuum hose 48 and the above-described problems
do not occur, it is easy to wire the vacuum hose 48 when
attaching the end effector 40. Further, since two vacuum
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hoses 48 are wired separately in different arms 20A, the
repulsive force that is generated by the deformation of the
vacuum hose 48 may be distributed to two arms 20A. Accord-
ingly, it is possible to further reliably reduce the influence of
the vacuum hose 48 with respect to the movement and the
rotation of the end effector 40.

Furthermore, the parallel robot 50 may be controlled by
minutely adjusting the setting of the control program for the
parallel robot including the existing wrist portion illustrated
in FIG. 6, that is, the wrist portion of which the rotation axis
CL3 matches the center axis CL.2. That is, a distance (offset)
between the rotation axis CL3 and the center axis CL.2 may be
input in advance and the track of the wrist portion may be
generated in consideration of the offset.

While the embodiment has been described in detail, the
present invention is not limited to the above-described
embodiment, and various modifications may be made without
departing from the spirit of the present invention. For
example, the rotation axis CL.3 may not be essentially located
between two connection portions 32.

The parallel robot 50 may include four or more actuators 12
and four or more arms 20. The end effector 40 may be a robot
hand that grips a workpiece W. As the robot hand, a robot hand
that is driven by an air pressure, an electric actuator, or the like
may be exemplified. In a case where an air pressure is needed
as an end effector for driving source, an air supply hose may
be wired instead of the vacuum hose 48. Alternatively, in a
case where electric power is needed as a driving source for an
end effector, a power feeding cable may be wired instead of
the vacuum hose 48. Further, a cable for sending and receiv-
ing a control signal may be wired through the through-hole 37
along with a hose or a cable for driving the end effector.

The application example of the parallel robot 50 is not
limited to the picking device, and may be applied to, for
example, an assembly device for an industrial product such as
an electronic component.

Indeed, the novel devices and methods described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the devices and methods described herein may be made with-
out departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover such
forms or modification as would fall within the scope and spirit
of the inventions.

Certain aspects, advantages, and novel features of the
embodiment have been described herein. It is to be under-
stood that not necessarily all such advantages may be
achieved in accordance with any particular embodiment of
the invention. Thus, the invention may be embodied or carried
out in a manner that achieves or optimizes one advantage or
group of advantages as taught herein without necessarily
achieving other advantages as may be taught or suggested
herein.

What is claimed is:
1. A parallel robot comprising:
a plurality of actuators;
a wrist portion;
a plurality of arms that respectively connect the wrist por-
tion to the plurality of actuators,
wherein the wrist portion includes
a base portion that includes a plurality of connection
portions respectively connected to the plurality of
arms, and
a rotation member that rotates about a rotation axis
located outside an are surrounded by the plurality of
connection portions,
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wherein the rotation member is provided with a through-
hole formed along the rotation axis,

wherein the rotation axis intersects a plane including the
area surrounded by the plurality of connection portions,
and

wherein the rotation axis is permanently located between
two adjacent connection portions along a circumferen-
tial direction of the plurality of connection portions.

2. The parallel robot according to claim 1,

wherein the base portion includes an actuator that rotates
the rotation member.

3. The parallel robot according to claim 2,

wherein the wrist portion further includes a projection
portion that is provided at a position offset from the
position of the base portion,

wherein the rotation member is accommodated in the pro-
jection portion, and

wherein the projection portion includes two openings that
expose both ends of the through-hole of the rotation
member and a transmission that transmits power from
the actuator to the rotation member.

4. The parallel robot according to claim 1, further compris-

ing:

an end effector that is fixed to the rotation member; and

a hose or cable for driving the end effector,

wherein the hose or cable is wired through the through-
hole.

5. The parallel robot according to claim 2, further compris-

ing:

an end effector that is fixed to the rotation member; and

a hose or cable for driving the end effector,

wherein the hose or cable is wired through the through-
hole.

6. The parallel robot according to claim 4,

wherein the hose or cable is wired along the arm connected
to the connection portion adjacent to the through-hole.

7. The parallel robot according to claim 5,

wherein the hose or cable is wired along the arm connected
to the connection portion adjacent to the through-hole.

8. The parallel robot according to claim 6,

wherein a plurality of the hoses or cables, including the
hose or cable, are provided and the rotation axis is
located between the two adjacent connection portions,
and

wherein the plurality of hoses or cables are provided sepa-
rately along the two arms respectively connected to the
two adjacent connection portions.
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9. The parallel robot according to claim 7,
wherein a plurality of the hoses or cables, including the
hose or cable, are provided and the rotation axis is
located between the two adjacent connection portions,
and
wherein the plurality of hoses or cables are provided sepa-
rately along the two arms respectively connected to the
two adjacent connection portions.
10. The parallel robot according to claim 1,
wherein the wrist portion further includes a projection
portion that is provided at a position offset from the
position of the base portion,
wherein the projection portion includes an upper opening
and a lower opening formed at opposite ends of the
through-hole of the rotation member, and
wherein the rotation member protrudes below the lower
opening of the projection portion.
11. A parallel robot comprising:
a plurality of actuators;
a wrist portion;
a plurality of arms that respectively connect the wrist por-
tion to the plurality of actuators;
an end effector; and
a plurality of hoses or cables for driving the end effector,
wherein the wrist portion includes
a base portion that includes a plurality of connection
portions respectively connected to the plurality of
arms, and
a rotation member that rotates about a rotation axis
located outside an area surrounded by the plurality of
connection portions,
wherein the rotation member is provided with a through-
hole formed along the rotation axis, and
wherein the plurality of hoses or cables are wired through
the through-hole and are each wired along a respective
one of the plurality of arms disposed adjacent to the
through-hole.
12. The parallel robot according to claim 11,
wherein the wrist portion further includes a projection
portion that is provided at a position offset from the
position of the base portion,
wherein the projection portion includes an upper opening
and a lower opening formed at opposite ends of the
through-hole of the rotation member, and
wherein the rotation ember protrudes below the lower
opening of the projection portion.
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